J. Helminthol. Soc. Wash. 
62(1), 1995, pp. 1-5 


A Stable Eimerian Assemblage in Wyoming Ground Squirrels 
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abstract: A stable assemblage of 3 uncommon (prevalence < 20%) and 3 common (prevalence > 45%) species 
of Eimeria (Apicomplexa: Eimeriina) is known to infect Wyoming ground squirrels ( Spermophilus elegans 
elegans). Several factors may contribute to the prevalence stability including host immune response, parasite- 
parasite interactions, and oocyst survival under ambient environmental conditions. To determine the effects of 
various environmental conditions on 3 of these eimerians, oocysts of 1 uncommon ( E. larimerensis ) and 2 
common (E. beecheyi and E. callospermophili ) species were placed into 6 treatment groups and sampled monthly 
over winter. Treatments included ambient temperature (sun, shade, and subsoil) and constant 8°C temperature 
(moistened with 2% potassium dichromate or water, or allowed to desiccate). After 6 mo, oocysts from each 
treatment were administered to uninfected squirrels (2 squirrels per treatment group). Although all oocysts 
examined appeared grossly abnormal when examined microscopically, all 12 squirrels developed patent infections 
of E. larimerensis and E. callospermophili, and 11 of 12 developed infections of E. beecheyi. All 3 eimerian 
species maintained viability under conditions of severe desiccation, ultraviolet radiation, and repeated freezing 
and thawing. It is likely that resistance to harsh environmental conditions plays an important role in the 
maintenance of this parasite assemblage. 
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A stable assemblage of 6 eimerian species has 
been described in Wyoming ground squirrels 
{Spermophilus elegans elegans (Kenmcott, 1863)) 
and has been found in all populations of Wyo¬ 
ming ground squirrels sampled to date (Shults et 
al., 1990; Stanton etal., 1992). Furthermore, sev¬ 
eral of these eimerian species have been found 
in sciurid species sympatric with the Wyoming 
ground squirrel (Shults et at., 1990; Seville et al., 
1992). Three species ( Eimeria larimerensis (Vet- 
terling, 1964), E. spermophili (Hilton and Mahrt, 
1971), and E. bilamellata (Henry, 1932)) occur 
at prevalences of less than 20% and may elicit 
some degree of immunity in Wyoming ground 
squirrels (Thomas et al., 1992). The remaining 
3 species {E. beecheyi (Henry, 1932), E. callo¬ 
spermophili (Henry, 1932), and E. morainensis 
(Torbett, Marquardt, and Carey, 1982)) occur at 
prevalences of 45-75% and can repeatedly rein¬ 
fect individual squirrels (Seville, 1992). Rahel 
(1990) proposed 3 levels of stability. At the high¬ 
est level, absolute abundance of each species in 
a community remains constant over time. Level 
2 stability is characterized by some fluctuation 
in absolute abundance, but relative species abun¬ 
dance is constant. Level 3 stability occurs when 
criteria for Levels 1 and 2 are not met, but the 
same species are always present in the commu¬ 
nity over time. According to this hierarchy, this 


eimerian assemblage meets the criteria for Level 
2 stability, because all 6 species are present over 
time and prevalences remain constant from spring 
emergence through the squirrels’ active season 
(Seville, 1992). The purpose of this study was to 
examine oocyst survival and viability under ex¬ 
perimental and field conditions and to determine 
whether or not overwinter survival of eimerian 
species may contribute to the stability of this 
host-parasite system. 

Several strategies for overwintering are pos¬ 
sible. Eimeria spp. may avoid harsh conditions 
through extraintestinal stages harbored in hosts 
(Fernando et al., 1987; Perry and Long, 1987; 
Ball et al., 1989; Ball et al., 1990) or in prolonged 
or arrested infections in hibernating animals 
(Anderson, 1971). Furthermore, harsh condi¬ 
tions may be moderated n microclimates be¬ 
neath the soil surface (i.e., in burrows or after 
burial of squirrel fecal pellets by dung beetles [T. 
Wingert, pers. comm.]). Finally, oocysts of some 
eimerian species may be able to survive the se¬ 
vere environmental conditions encountered over 
winter at northern latitudes. Oocysts from ovine 
coccidia in Norway overwinter and provide a 
primary source of infection of lambs the follow¬ 
ing spring (Helle, 1970), and E. acervulina (Tyz- 
zer, 1929) and E. tenella (Railliet and Lucet, 1891; 
redescribed by Fantham, 1909) oocysts have been 
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Table 1. Treatment groups for overwintered oocysts. 


Treatment 

Placement 

Temperature 

Moisture 

1 Control 

Refrigerator 

8°C 

Moistened with K 2 Cr 2 0 7 

2 Wet 

Refrigerator 

8°C 

Moistened with distilled water 

3 Dry 

Refrigerator 

8°C 

Not moistened 

4 Sun 

Shortgrass prairie 

Ambient 

Ambient 

5 Shade 

Shortgrass prairie 

Ambient 

Ambient 

6 Buried 

Shortgrass prairie 

Ambient 

Ambient 


reported to survive exposure to a Siberian winter 
(Kheysin, 1972). 

Methods 

Environmental conditions 

Oocysts from E. larimerensis, E. beecheyi, and E. 
callospermophili were collected from the feces of ex¬ 
perimentally infected Wyoming ground squirrels using 
a modified version of the methods of Davis (1973). 
These oocysts were combined with fresh feces from 
uninfected squirrels to produce a fecal homogenate 
containing 118,000 oocysts/g. Approximately 33% of 
these oocysts were sporulated. Forty percent of the 
oocysts were E. larimerensis (sporulation = 28%), 12% 
E. beecheyi (42%), and 48% E. callospermophili (35%). 
One-gram fecal pellets were formed and packed into 6 
1-ml bioassay plates with 64 pellets/plate. One plate 
was used per treatment. 

Oocysts were subjected to the following treatments: 
(1) refrigerated at 8°C, moistened with 2% potassium 
dichromate (K 2 Cr 2 0 7 ) (control), (2) refrigerated at 8°C, 
moistened with distilled water (simulating moist bur¬ 
row conditions), (3) refrigerated at 8°C, allowed to dry 
(dry burrow conditions), (4) placed on open shortgrass 
prairie 10 km south of Laramie, Wyoming, with direct 
exposure to the sun, (5) placed on shortgrass prairie 
but shaded from above, and (6) placed 3 cm below the 
soil surface to simulate burial by dung beetles (Table 
1 ). 

In October 1990, plates with pellets were placed in 
the refrigerator and in the field. Once a month, 8 pellets 
were randomly selected from each treatment. Three 
pellets were weighed, oven-dried for 24 hr, and re- 
weighed to assess moisture content. The remaining 5 
pellets were soaked in K 2 Cr 2 0 7 for 24 hr before being 
analyzed for oocysts/g using the McMaster’s technique 
(Whitlock, 1948). Although we had intended to mea¬ 
sure percentage of sporulation by species throughout 
the study, the rapid degeneration and abnormal ap¬ 
pearance of the internal oocyst structures made this 
impossible. 

Assessing oocyst viability 

After 6 mo, 8-12 of the remaining pellets from each 
treatment were collected and soaked in 2% K 2 Cr 2 0 7 
for 3 wk at room temperature (25-27°C), after which 
an inoculum was prepared from each treatment using 
a modified version of the methods described by Davis 
(1973). Because all oocysts examined were structurally 
abnormal, the number of viable oocysts in the inocula 


could not be estimated; however, species remained 
identifiable by size. 

The inoculum prepared from each treatment was 
administered to 2 uninfected squirrels via oral gavage 
(12 squirrels total). Although ideally, naive squirrels 
would have been used in the trials, we were unable to 
successfully raise litters of young in captivity, and due 
to the possibility of extraintestinal stages of coccidia 
in pregnant and lactating females, even presumably 
naive young might be exposed to coccidian infections 
before they are weaned. However, all squirrels had 
been individually housed in laboratory facilities for at 
least 1 yr, and sampling twice weekly revealed no pa¬ 
tent infections for at least 3 wk prior to inoculation. 
Postinoculation feces were collected daily and soaked 
in 2% K 2 Cr 2 0 7 for at least 24 hr before being weighed, 
homogenized, and analyzed for oocysts/g and species 
composition using the McMaster’s technique. Daily 
oocyst production for each species was estimated by 
multiplying oocysts/g by the total wet fecal weight. 

The Number Cruncher Statistical System (Hintze, 
1990) was used to determine correlation between the 
number of oocysts/g in April and infection intensity; 
/-tests (significance = P < 0.05) were used in the anal¬ 
ysis of prepatent and patent periods. 

Results 

Environmental effects 

Oocysts that remained intact were identifiable 
to species by size throughout the sampling pe¬ 
riod. After 1 mo, approximately 70% of the oo¬ 
cysts were still detectable in the 2 moistened re¬ 
frigerated treatments (1 and 2); Treatments 3-6 
averaged 40%. Fungal growth appeared on the 
pellet surfaces in January (Treatment 1) and 
March (Treatment 2), which was associated with 
sizable decreases in oocysts/g. By April, oocyst 
counts were only 5-20% that of the original in¬ 
oculum in all 6 treatments (Fig. 1). 

After 2 mo, all intact oocysts observed in 
Treatments 2-6 exhibited gross abnormalities, 
including a clear crenated appearance and/or a 
thick, darkened oocyst wall, absence of identi¬ 
fiable internal structures, and, occasionally, rup¬ 
tured walls (Fig. 2). By 4 mo, all oocysts observed 
in Treatment 1 exhibited similar abnormalities. 
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Figure 1. Mean number of oocysts/g (« = 5) with standard error by treatment from November through April. 


Treatments 1-3 remained at 8°C throughout the 
sampling period, but Treatments 4-6 experi¬ 
enced temperatures ranging from 20 to 36°C 
(National Oceanic and Atmospheric Adminis¬ 
tration, 1990, 1991), repeated freezing and thaw¬ 
ing, and periodic snow cover (Table 2). Moisture 
content (oven-dried weight/initial weight) was 
highest in pellets from Treatments 1 and 2 (x = 
40%). Pellets from Treatments 4 and 6 averaged 
32%, and those subjected to Treatments 3 and 5 
averaged 10 and 9%, respectively, with moisture 


content of individual pellets ranging as low as 
< 1 %. 

Experimental infections 

Despite the extreme environmental conditions 
and grossly abnormal appearance of all oocysts 
observed, all 12 squirrels inoculated with over¬ 
wintered oocysts developed patent infections of 
E. larimerensis and E. callospermophili, and 11 
of the 12 developed patent infections of E. beech- 
eyi. Mean prepatent periods for E. larimerensis, 


Table 2. Climatological data, 15 October 1990 to 15 April 1991. 


Month 


Temperature (°C) 


Precipitation 

(cm) 

Snowfall 

(cm) 

Absolute high 

Mean high 

Absolute low 

Mean low 

Oct/Nov 

20.0 

10.0 

-21.7 

-5.0 

4.0 

15.7 

Nov/Dcc 

16.1 

6.1 

-17.8 

-6.7 

0.8 

7.6 

Dec/Jan 

6.1 

-2.8 

-36.1 

-15.6 

1.0 

12.9 

Jan/Feb 

11.7 

1.7 

-27.2 

-13.3 

1.4 

14.9 

Feb/Mar 

12.8 

4.4 

- 17.7 

-8.3 

1.1 

9.6 

Mar/Apr 

19.4 

7.8 

-17.2 

-6.1 

2.1 

23.5 
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Figure 2. Oocysts of E. larimerensis (El) and E. 
beecheyi (Eb) showing grossly abnormal internal struc¬ 
tures due to overwintering conditions. Scale bar = 15 
juin. 

E. beecheyi, and E. callospermophili were 6.6 (SE 
= 0.70), 4.9 (0.21), and 5.1 (0.19) days, respec¬ 
tively; and patent periods were 8.2 (1.11), 4.3 
(0.36), and 5.5 (0.49) days. Individual squirrels 
passed between 5,400 and 131,000,000 E. lari- 
merensis oocysts over the course of the infec¬ 
tions, 54,000-5,200,000 E. beecheyi oocysts, and 
375,000-40,730,000 E. callospermophili oo¬ 
cysts. 

Species composition 

In 5 of 6 treatments, relative species compo¬ 
sition of oocyst output of infected squirrels was 
significantly different from that of the initial ho¬ 
mogenate and the overwintered pellets (Mest, P 
< 0.05). Additionally, the number of oocysts/g 
in April (overwintered) pellets did not correlate 
with infection intensity (total oocysts shed/squir¬ 
rel) (R 2 = 0.24). Finally, the total number of 
oocysts shed did not reflect any differences by 
treatment, and the variation in oocyst output 
among squirrels was extremely high. For ex¬ 
ample, 2 squirrels inoculated with oocysts from 
Treatment 1 differed by 3 orders of magnitude 
in oocyst output. 

Discussion 

The relative species composition of oocysts 
shed by infected squirrels (output) varied con¬ 
siderably among hosts and did not reflect that of 
the oocysts in the overwintered pellets from which 
the inoculums were made. In multispecific in¬ 
fections of these 3 species, similar variation be¬ 
tween the species composition of inoculum and 
output has been reported previously (Thomas et 
al., 1992). Squirrels initially inoculated with 1% 


E. larimerensis, 22% E. beecheyi, 10% E. bila- 
mellata, and 67% E. callospermophili shed 41% 
E. larimerensis, 5% E. beecheyi, 0% E. bilamel- 
lata, and 54% E. callospermophili. When the same 
squirrels were reinoculated with 85% E. lari¬ 
merensis, 7% E. beecheyi, and 8% E. callosper¬ 
mophili, the output was 9% E. larimerensis, 13% 
E. beecheyi, and 78% E. callospermophili. Tho¬ 
mas et al. (1992) proposed that interspecific par¬ 
asite interactions and/or partial host immunity 
toward E. larimerensis influenced oocyst pro¬ 
duction. 

Although all squirrels were maintained indi¬ 
vidually in sterilized wire-mesh cages for at least 
1 yr prior to this study, their complete infection 
histories are not known; however, host immunity 
toward E. larimerensis and interspecific parasite 
interactions may have influenced species com¬ 
position of oocyst output. This conjecture is sup¬ 
ported by the high variation in oocyst output 
among squirrels. 

Because of the abnormal structure of the treat¬ 
ed oocysts, it was impossible to determine the 
number of viable oocysts in the experimental 
infection inocula. There was no correlation be¬ 
tween the number of oocysts/g observed in over¬ 
wintered pellets (April) and infection intensity, 
and the latter may have been influenced by host 
immunity and interspecific parasite interactions. 
Additionally, the number of oocysts/g in April 
varied among treatments, and inoculum level 
may have affected infection intensity, with oo¬ 
cyst production/infective unit inversely related 
to dosage (Tilahun and Stockdale, 1981). Finally, 
oocyst walls may have broken, releasing sporo- 
cysts and infective sporozoites; therefore, the 
number of viable eimerian infective bodies is not 
necessarily correlated with the number of intact 
oocysts observed. 

All 3 eimerian species maintained viability over 
all 6 treatments in numbers large enough to pro¬ 
duce heavy patent infections. Additionally, pre¬ 
patent and patent periods were not significantly 
different from those reported for multispecific 
infections using freshly sporulated oocysts of the 
same 3 eimerian species (Thomas et al., 1992), 
with the exception of the prepatent period of E. 
beecheyi, which was 1.4 days shorter in this study. 
The results for these 3 eimerian species differ 
from those of Duszynski and Conder (1977), who 
reported decreased oocyst production of E. nie- 
schulzi oocysts exposed to radiation (15-60 
k-rads) and heat (35^f5°C), and Marquardt et al. 
(1960), who found that as little as 4 hr exposure 
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